Soybean seed production with high physiological quality is important for ensuring populations of recommended plants for each cultivar. It is also known that there is genetic variability for this characteristic among the soybean cultivars. The objective was to study the genes expressionof protein and gene transcript involved in the physiological quality of soybean seeds. The seeds of CD 206 and CD 201 cultivars were classified as high quality while Savana and Emgopa 316 cultivars were classified as low quality by germination and vigor tests. Physiological, enzymatic and transcripts analysis were held in seeds of each cultivar during two harvest seasons, R8 and R8 + 15 days; at protein level the alcohol dehydrogenase isoenzyme systems (ADH), phosphoglucoisomerase (PGI), superoxide dismutase (SOD), catalase (CAT), malate dehydrogenase (MDH) and isocitrate lyase (ICL). The PCR technique in real time (qRT-PCR) was used for transcritome studies for quantitative gene expression analysis. The method used was the comparative Ct considering the relative expression levels in relation to cultivar of high quality CD 201. It is concluded that there is higher enzymes expression involved in respiration, alcohol dehydrogenase (ADH), malate dehydrogenase (MDH) and phosphoglucoisomerase (PGI), in seeds with high physiological quality, especially when harvesting is delayed. The proteomic and transcriptomic profiles related to the genes involved in free radicals removing systems in soybeans varies among cultivars and the season of seed harvest.
Introduction
In Brazil, the improvement of seed and grain characteristics of agronomic and industrial use soybean cultivars is gaining importance in recent years. It has been observed genetic diversity for physiological quality among soybean cultivars which could be helpful to investigate lines with better seed physiological traits for Brazilian weather conditions. After physiological maturity of seeds, the high temperature and relative humidity can accelerate the deterioration process, which can cause reduction in physiological quality of seeds (França-Neto et al., 2010) .
The transcriptomic and proteomic techniques allow improving cultivars with high quality seeds. Differential gene expression by qualitative and quantitative determination of the transcripts related to seed physiological quality, identification of differentially expressed genes and their metabolic functions were investigated (Kuhn et al., 2001 ).
There were molecular studies related to drought tolerance involving gene expression in soybean, (Polizel et al., 2011; Stolf-Moreira et al., 2010) . However, studies involving gene expression related to the soybean seeds quality are still sparse in the literature.
Thus, studies on the enzymes expression in soybean seeds associated with seed physiological quality and the cultivar selection stage with high physiological quality are important in seeds quality control programs. The objective of the researche study was to understand the gene expression of soybean seeds harvested at different seasons by evaluating the protein and transcripts by PCR technique in real time.
Material and Methods
The study was conducted at the experimental area and in the Laboratory Center of Seed Analysis, Agriculture Department, Federal University of Lavras. Lavras city is in southern Minas Gerais state that, according to Köppen classification presents climate Cwa (Ometo, 1981) . It is situated at an altitude 918m, at 21°14 south latitude and 45°00 west longitude.
Seeds of Savana, Engopa 316, Conquista, MS 8400, CD 201, CD 206, CD 202 and CD 215 cultivars were produced in an area with soil classified as Latosol dystrophic, carrying out seeding in conventional system. Soil analysis sowing, fertilization were done according to the recommendations of Ribeiro, Guimarães and Vicente (1999) . Fungicide Vitavax Thiram 200 SC was used for seed treatment at a dosage of 250 ml/100 kg of seeds. Then, the seeds were inoculated with commercial product turfy, aiming to ensure a minimum population of 1200000 bacteria/seed.
The seed multiplication was carried out in a randomized block design with three replications in December 2010. The experimental units consists of 4 lines (5 m each), considering only the 2 central lines as useful area. Thinning was conducted maintaining a population of 16 plants per linear meter.
Manual harvesting was performed when the plants were in the phenological stages according to Fehr and Caviness (1977) . Drying was carried out in the shade until the seeds reached 13% water content.
The seeds retained in a circular sieve between 5.55 mm and 6.35 mm were used as a standardized seeds' size to later carry out experimental evaluations.
For germination and accelerated aging tests, the seeds were treated with fungicide Vitavax Thiram 200SC at a dose 250 ml/kg of seeds. 300 seeds per cultivar were used for both tests. In germination tests, the seeds were sown on paper type Germitest moistened with distilled water at a ratio of 2.5 times the weight of the paper, aiming adequately moistened and uniformity of test conditions. The seeds remain in the germination chamber which was set to 251 ºC. Evaluations were done at five days (first count) and eight days (final count) after sowing, computing the normal seedlings percentage, according to the criteria set by the Rules for Seed Analysis (Brazil, 2009 ).
For the accelerated aging test, the method used was the mini-chambers type "gerbox", wherein 42 g seeds were distributed over a dropdown screen inside the box containing 40 ml of water and exposed to a temperature of 42 ºC for 72 hours. Then, the germination test was performed according to Vieira and Carvalho (1994) , with 6 repetitions of 50 seeds per each cultivar.
The electrical conductivity (EC) test were done for four replicates of 50 intact seeds per each cultivar and were weighed. After that, they were placed in plastic glasses of 200 ml capacity containing 75 ml of deionized water for 24 hours at 25 °C temperature. By means of conductivity, meter brand DIGIMED, CD 21A Model, conductivity reading of imbibition solution for the seeds of each cultivar and the results were expressed as S/cm/g seeds Carvalho, 1994) .
Statistical analysis was performed using the Sisvar program (Ferreira, 2003) and the data were interpreted by variance analysis in factorial 8 × 2, 8 cultivars and two harvest seasons (stages R8 and R8 + 15 days). Scott-Knott test was used to compare averages After harvest, some seeds were immediately packaged in liquid nitrogen and stored at -80 °C for subsequent genes expression analysis of seed physiological quality. PCR technique in real time (qPCR) was used for transcripts analysis and the electrophoresis technique was employed for protein analysis.
The seeds were ground liquid nitrogen with addition of the reagent Pure Link RNA Plant® (Invitrogen), following the manufacturer's specifications for the RNA isolation.
The RNA integrity and purity were assessed during all stages by electrophoresis in a denaturing agarose gel (stained with SYBR® Green II, Applied Biosystems) and in spectrophotometer (NanoVue).
After nucleic acids extraction, the RNA samples were treated with DNAse free solution to avoid any contamination with DNA. For this, Kit DNAse Turbo Free® AMBIOM was used following the manufacturer's recommended protocol.
After the extraction and purification process, the mRNA was used as a template for cDNA synthesis. High Capacity cDNA Reverse Transcription cDNA ® da kit from Applied Biosystems, was used and followed the manufacturer's recommended protocol. The cDNA efficiency and synthesis was confirmed by conventional PCR.
The sequences of the target genes related to seed physiological quality were obtained by searching the database of the genome maize in GenBank. Based on these sequences primers were designed using the Primer Express 3.0 software (Applied Biosystems). The primers sequences are presented in Table 1 . The GAPDH and CYP2 genes were selected as endogenous controls because they had constitutive expression in all treatments. 
Note. (F) Primer forward sequence. (R) Primer reverse sequence.
For PCR analysis in real time, the real-time apparatus PCR system 7500 (Applied Biosystems) was used to quantify the gene expression. The qRT-PCR was carried out using SYBR ® Green PCR Master Mix (Applied Biosystems) and cDNA synthesized from the extracted RNA. The thermal conditions for PCR were 50 °C for 2 min, 95 °C for 10 min, 45 cycles of 95 °C for 2 min, 62 °C for 30 s and 72 °C for 30 s. Data were collected and stored in the program 7500 Fast Software (Version 2.1). For each reaction 10 µL of SYBR Green PCR Master Mix (Applied Biosystems), 2 µL of cDNA (250 ng), 0.4 µL of forward and reverse primers and 7.2 µL of autoclaved ultrapure water to make up the final volume of 20.0 μL/sample. Negative controls, composed of water and endogenous controls, were included in every analysis. All reactions were performed in triplicates.
Data was generated automatically from software v.2.0.1 of the 7500 qPCR system in real time (Applied Biosystems). The comparative Ct method of relative quantification, where Ct's (Threshold Cycle) of the samples were normalized using the Ct's endogenous control. For that, previously conducted a validation experiment in order to verify that the amplification efficiencies of target genes and endogenous controls are similar and close to 100%. Standard curves for the efficiency test for the target genes were generated from the following dilutions: 1:5, 1:25, 1:125, 1:625 and 1:3125. This procedure also allowed the definition of the best dilution cDNA to be used in each reaction, which was 1:5.
For the enzymes analysis, two repetitions of 50 seeds from each treatment were grinded in mortar containing liquid nitrogen and antioxidant PVP (Polyvinyl Pyrrolidone). For the isoenzymes analysis ICL and MDH, plant material extraction was carried out at 2 days after sowing (during the germination process). Subsamples were taken from jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 2; 2019 100 mg to which 300 µl of ethylether + 300 µl of water were added to remove the oil. The samples were centrifuged for 20 minutes at 14000 rpm at 4 °C, performing the process twice. For the enzymes extraction, 250 µl of extraction buffer (Tris HCl 0.2 M pH 8 + 0.1% beta mercaptoethanol) was used. Then, the samples were shaken rapidly in beater staying overnight in the refrigerator. Next morning the samples were centrifuged at 4 °C at 14000 rpm for 30 minutes. 50 µL of supernatant was used to run gel. The gel buffer/electrode system used was Trisglicina pH 8.9. The gel was ran at 150 V for 5 hours. After electrophoresis, it was proceeded the revelation of the enzymes superoxide dismutase (SOD), alcohol dehydrogenase (ADH), catalase (CAT) and phosphoglucoisomerase (PGI), malate dehydrogenase (MDH) and isocitrate lyase (ICL) (Santos et al., 2016) .
Results
Analysis of variance of data from germination and vigor tests revealed significant differences to the seed physiological quality among cultivars and harvest seasons.
The results observed in germination, electrical conductivity and accelerated aging experiments presented cultivars with difference when seeds harvested 15 days after R8 stage (Table 2) .
From EC tests, differences in vigor of cultivars was observed when harvested at R8 stage.
For the accelerated aging test there was no difference in seed vigor among the cultivars, when the harvest was conducted at the R8 stage. However, when the harvest was conducted 15 days after the R8 stage, lower vigor values were observed in seeds of the Conquista, Savana, Engopa 316, MS 8400 and CD 215 cultivars. Note. Average followed by the same lowercase letter on the line and the same capital letter in the column do not differ by the Scott-Knott test at 5% significance.
The highest enzymes activity for the enzyme ADH was observed in seeds of CD 201 and CD 206 cultivars. These cultivars were classified for high physiological quality in both harvest seasons, with higher expression of the enzyme in seeds of the CD 206 cultivar (Figure 1 ). The PGI enzyme activity was presented in Figure 2 . This enzyme expression was higher in high quality seeds and harvested 15 days after R8 stage. An increased activity of SOD enzyme was observed in seeds harvested at the R8 stage. The cultivars Savana and Engopa 316 were classified with low seed quality (Figure 3 ).
There was a change in SOD enzyme pattern of seeds harvested at 15 days after R8 stage in all the cultivars.
In CD 201, CD 206 and Engopa 316 cultivars, seeds harvested at R8 stage + 15 days, there was a higher expression of some isoforms that were also expressed in seeds harvested at the R8 stage. The observed isoforms were numbered in Figure 3 as 1, 2, 3 and 4. In Savana and Engopa 316 cultivars, seeds classified with low physiological quality there was lower expression of some isoforms of SOD enzyme, such as the numbered 5 and 6. There was significant reduction in seed physiological quality of these cultivars evaluated by the germination and vigor test, when the harvest was delayed 15 days after R8 stage. Another enzyme involved in the removal of hydrogen peroxide formed from the SOD activity is catalase (CAT). In this study, no significant difference was observed in the enzyme expression among treatments and within each harvest season. However, comparing the two harvest seasons, the expression of this enzyme was higher in seeds harvested at the R8 stage (Figure 4 ). The gene expression studies of transcripts by RTq-PCR technique, revealed the expression with high physiological quality seeds in CD 201 cultivar. In Figure 7 , the expression of alcohol dehydrogenase gene (ADH), superoxide dismutase (SOD), catalase (CAT) and phosphoglucoisomerase (PGI) in seeds of low and high quality cultivars during the R8 stage was presented. The SOD gene expression was higher in seeds of Savana and Engopa 316 cultivars, considered low physiological quality. The seeds harvested 15 days after R8 stage (Figure 8 ), higher expression of this gene was observed in seeds of the CD 206 cultivar and lower expression was observed in seeds of the Engopa 316 cultivar, the latter being classified as low seeds quality. Figure 7 . Profile of relative quantitative expression SOD, ADH, CAT and PGI genes, during the development R8 stage, high soybean seeds (CD 201 and CD206) and low physiological quality (Savana and Engopa 316).
Bars referring to standard deviation of triplicates
For CAT gene, it was observed a higher expression in seeds of CD 206 cultivar and lower expression in seeds of Savana and Engopa 316 cultivars, while low quality, when harvested at the R8 stage. When the harvest was delayed 15 days after R8, the expression of this gene was higher in seeds of Savana cultivar, classified as low quality.
Regarding the results of the genes involved in seed respiratory processes, the ADH gene was more expressed in seeds of high quality cultivars, when harvested at the R8 stage. Numerically, higher expression was observed in seeds harvested 15 days after R8 stage. It is noteworthy that the ADH enzyme expression as assessed by electrophoresis technique, was also higher in cultivars with seeds classified as high physiological quality.
When the harvest was delayed (R8 + 15 days), higher ADH gene expression was observed in seeds CD 206 and Engopa 316 cultivars and lower expression in seeds of CD 201 and Savana cultivars. So for this gene, considering harvest delay was not possible to establish a relation between the physiological quality of seeds and the ADH gene expression assessed in this study.
The PGI gene expression was higher in seeds CD 201cultivar, considering the R8 stage and lower in seeds of Savana cultivar, and gene expression in the latter did not differ from that observed in seeds of CD 206 cultivar. This gene expression in seeds of low quality cultivars decreases at harvest season R8 + 15 days in relation to those harvested at the R8 stage. For the CD 206 cultivar, seeds harvested 15 days after R8 stage, the expression was higher compared to those observed in seeds from other cultivars. Higher expression of this gene was also observed in CD 201 cultivar, compared to that observed in seeds from Savana and Engopa 316 cultivars. When PGI enzyme expression was evaluated by electrophoresis technique, higher activity of this enzyme was observed, in high quality seeds, also confirming the results observed in germination and vigor tests. 
Discussion
The cultivars classification at different levels of physiological quality varied with the harvest season. In CD 206, CD 201 and CD 202 cultivars, seeds harvested at the R8 stage + 15 days were observed with highest germination values. The harvest delay usually affects the seeds quality, because seeds can be exposed to adverse climatic conditions (Gris et al., 2010) .
By electrical conductivity test, significant differences were observed in vigor among cultivars and harvesting stages. According to Vieira and Krzyzanowski (1999) , the conductivity standard values to be considered should be 70-80S/cm/g, indicating high to médium soybean seeds quality. The electrical conductivity values in seeds harvested at the R8 stage were in the standard reference, except those observed in seeds of Savana cultivar. In seeds harvested at the R8 stage + 15 days, considering the standard in reference, only the CD 206 and CD 202 cultivars were classified as high vigor. In absolute terms, the highest conductivity values were observed in seeds of Savana and Engopa 316 cultivars.
It should be noted that the results observed in tests to evaluate the physiological quality of soybean seeds, there was a greater variability among the cultivars when seeds were harvested 15 days after R8 stage. Except for the results observed in the EC test, it was not possible to distinguish the cultivars based on the physiological quality when the harvest was carried out at the R8 stage. Probably this has happened as a result of favorable weather conditions during the maturation process and after physiological maturation of seeds.
By germination test, the accelerated aging and electrical conductivity for CD 202 cultivar, high physiological quality of seeds was observed even with harvest delay of seeds. Lower germination and vigor values were observed in seeds of Engopa 316 and Savana cultivar, especially when there was a harvest delay of seeds. It is emphasized that these results are comparable, since the seeds of the eight cultivars were grown under the same edaphoclimatic conditions. The cultivars Engopa 316 and Savana were considered as low quality and CD 201 and CD 206 cultivars as high quality.
The analysis of the alcohol dehydrogenase enzyme which is related to anaerobic respiration promoting the reduction from acetaldehyde to ethanol (Buchanan, Gruissem, & Jones, 2005) , its expression was more intense in high quality seeds at 15 days after the R8 stage. Probably, the action of this enzyme has been more effective in seeds in this condition, since seeds harvested 15 days after R8 stage was observed with lower physiological quality. The ADH is involved in the breathing process and has the function removing the acetaldehyde in seeds.
At 15 days after R8 stage, the seeds are more vulnerable to deterioration and consequently with higher acetaldehyde production which is considered more toxic to the seeds when compared to ethanol (Zhang & Kirkham, 1994) . Similar pattern to the ADH activity was found by Santos et al. (2015) in pepper seeds with high physiological quality, which was observed with the higher ADH enzyme activity.
PGI works in glycolysis reactions (Lehninger, 2006) and plays a vital role in plants.
The highest enzyme expression in seeds of cultivars with high quality reflects the enzyme effectiveness in the phosphorylation process of sugars in glycolysis, important for energy production, during respiration.
In previous research papers related to seed respiration and the seed respiratory enzymes activities results were presented with higher expression of these enzymes in seeds with high physiological quality. Castro (2011) studied respiration of maize seed through Pettenkofer test and observed higher respiration of seeds with high quality and higher expression of MDH enzyme in seeds. By means of stoichiometric calculations, the amount of CO 2 released from the seed during respiration can be obtained. As a result of the seeds deterioration process, there is an impairment of the respiratory activity of these enzymes. Thus, seeds with lower physiological quality should present bands with lower intensity.
In addition to the enzymes involved in respiration, those compounds related to the removal of free radicals in seeds are also important as molecular markers for the seeds quality.
SOD is considered as a free radicals removing enzyme and is considered as one of the first to act in defense against reactive oxygen species (ROS). The low seed physiological quality of Savana and Engopa 316 cultivars harvested at the R8 stage, can be associated with higher SOD activity and related to the ROS elimination that were produced in seeds of these cultivars. The hydrogen peroxide formed as a SOD product, although less reactive than acetaldehyde at high concentrations becomes toxic, because they can react forming hydroxyl radicals, causing lipid peroxidation (Bowler, Montagu, & Inzé, 1992) .
In seeds harvested 15 days after R8 stage, low physiological seeds quality was observed in comparison to those harvested at the R8 stage. In deteriorated seeds, lower activity of this enzyme hás been observed with lower efficiency of free radicals removing systems. According to Jeng and Sung (1994) , when the seed is aged, there is higher lipid peroxidation and reduction in the free radical removal enzymes activity of peroxides such as CAT.
The MDH enzyme has been associated with the biosynthesis of oxaloacetate (OAA), by interconversion of malate to oxaloacetate during the tricarboxylic acid cycle (Krebs cycle) in plants (Weeden & Wendel, 1990) . Thus, this enzyme takes an important role in a wide variety of biosynthetic reactions, such as amino acid synthesis, gluconeogenesis, maintaining the redox potential and the exchange of metabolites between the cytoplasm and organelles (Lin et al., 2003) . However, it is expected that MDH activity is intense in the early stages of germination process in which synthesis of new seed tissues requires more energy for growth. Martins et al. (2000) , while researching the ICL activity in soybean seeds during germination, observed an increase of this enzyme activity. These data corroborate with the highest observed ICL activity during the R8 stage + 15 days, when the seeds were extremely subject to deterioration. In seeds harvested at the R8 stage there was more ICL enzyme activity in seeds of CD 206 cultivar. Seeds harvested 15 days after R8 stage, there was lower activity of this enzyme in seeds Engopa 316 cultivar, in comparison to the other, at the same time. Carvalho (2013) observed higher ICL activity in soybean seeds cultivars with better physiological quality. Highly deteriorated seeds have been observed with lower activity of this enzyme with lower efficiency of free radicals removing systems. In soybeans seeds, the isocitrate lyase is considered a key enzyme in the regulation of glyoxylate cycle and is involved in the lipids metabolism stored in oil seeds, and in the development of glyoxysome activities.
The transcript expression data, when compared with those of enzymes expression data evaluated by electrophoresis technique and the results of germination and vigor tests, explain the factors complexity that affect the physiological quality of soybean seeds. According to Carrington and Ambron (2003) , the mRNA presence does not necessarily mean the presence of the protein product because there are different mechanisms of gene expression and gene regulation, which can be used according to the need of the cell.
Another aspect that must be considered is complex genetic control system of physiological quality in soybean seeds due to involvement of many genes. In this situation, studies focused on the expression of these genes by transcripts means can be limited, since the major isoenzymes in the deterioration processes, respiration and germination are encoded by different genes. Studying a major gene effect require more complex studies, not always feasible for the selection of them, due to the larger number of genes, and minor effects, associated to the physiological quality characteristic.
Thus, when evaluating the isoenzyme expression by electrophoresis technique, several enzymes encoded by different genes having affinity for the same substrate, can be expressed. Thus, the transcripts selected, in this type of study, may be more restricted at the detremination stage of proteomic analysis. An example is MDH, which is expressed in the cytoplasm, mitochondria and peroxisomes, and is encoded by different genes.
In addition to the above mentioned aspects characteristics linked to the soybean seed tegument, such as lignin, can also influence in the physiological quality of seeds. Based on the results observed in this study, it was noted that the expression of genes related to the physiological quality of seeds is more important in situations in which there is some stress condition. In this research it was possible with a harvest delay of 15 days after the R8 stage. It is further understood that the selection of enzymes related to the characteristic of seed physiological quality encoded by few genes are important in studies of this kind.
Conclusions
There is higher enzymes expression involved in the respiration process, for alcohol dehydrogenase (ADH), malate dehydrogenase (MDH) and phosphoglucoisomerase (PGI) in soybean seeds with high physiological quality.
The proteomic and transcriptomic profiles related to genes involved in free radicals removing systems in soybeans seeds vary among cultivars and the season of seed harvest.
